Applicants: Howard J. Worman and Naoto Mamiya 

Serial No.: 09/407,432 

Filed : September 29, 1999 

Page 2 



Please amend claims 1, 9 and 11-14 under the provisions of 37 
C.F.R. §1. 121(c). The amended claims are p:&es'ented below and the 
amendments to the claims are indj^a^f^d^n the marked-up set of 



Claims 1-32, 45, 70 and 71 were pending in the subject 
application, of which claims 20-32, 45, 70 were 71 are withdrawn 
from consideration. Claims 1-19 are rejected. Applicants have 
hereinabove canceled claims 4-8, 15-19, 20-32, 45, 70 and 71, and 
amended claims 1, 9 and 11-14. Accordingly, claims 1-3 and 9-14 
are presented for the Examiner's consideration. 

Rejection under 35 U.S. C. § 112, first paragraph 
-Written Description 

On pages 2-3 of the March 28, 2001 Office Action, the Examiner 
rejected claims 1-19 under 35 U.S.C. 112, first paragraph, as 
allegedly containing subject matter which was not described in 
the specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventor (s), at the time the 
application was filed, has possession of the claiitied invention. 
The Examiner cited In re Rasmussen, 650 F.2d 1212, 211 U.S.P.Q. 
323 (C.C.P.A. 1981),. and In re Wertheim, 541 F.2d 257, 191 
U.S.P.Q. 90 (C.C.P.A. 1976). The Examiner stated that claims 1- 
19 are essentially drawn toward a method of treating or 
preventing hepatitis C virus infection in a human subject by 
administering an effective amount of a DEAD-box protein to the 
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subject, wherein the DEAD-box protein is capable of specifically 
binding to the HCV core protein so as to inhibit HCV replication, 
and a pharmaceutically acceptable carrier is also contemplated. 
The Examiner stated that the written description requirement 
under Section 112, first paragraph, sets forth that the claimed 
subject matter must be supported by an adequate written 
description that is sufficient to enable anyone skilled in the 
art to make and use the invention. The examiner stated that the 
courts have concluded that the specification must demonstrate 
that the inventor (s) had possession of the claimed invention as 
of the filing date relied upon. The Examiner stated that 
although the claimed subject matter need not be described 
identically, the disclosure relied upon must convey to those 
skilled in the art that applicants had invented the subject 
matter claimed, citing In re Wilder ^ et al., 222 U.S.P.Q. 369 
(C.A.F.C. 1984), In re Werthhelm, et al., 191 U.S.P.Q. 90 
(C.C.P.A. 1976), In re Driscoll, 195 U.S.P.Q, 434 (C.C.P.A. 
1977), Utter v. Hiraga, 6 U.S.P.Q. 2d 1709 (C.A.F.C. 1988), 
University of California v. Eli Lilly, 119 F.3d 1559, 43 U.S.P.Q. 
2d 1398 (Fed Cir. 1997), Amgen Inc. v. Chugai Pharmaceutical Co. 
Ltd., 18 U.S.P.Q. 2d 1016-1301 (C.A.F.C. 1991), Flers v. Sugano, 
25 U.S.P.Q. 2d 1601-1607 (C.A.F.C. 1993), In re Bell, 26 U.S.P.Q. 
2d 1529-1532 (C.A.F.C. 1993), and In re Deuel, 34 U.S.P.Q. 2d 
1210-1216 (C.A.F.C. 1995). 

The Examiner alleged that applicants' disclosure fails to provide 
adequate written support for the invention as claimed. The 
Examiner alleged that applicants' claims encompass a method of 
treating or preventing hepatis C virus infection in a human 
subject by administering an effective amount of a DEAD-box 
protein to the subject, wherein the DEAD-box protein is capable 
of specifically binding to the HCV core protein so as to inhibit 
HCV replication. The Examiner reiterated the allegation that 
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the disclosure fails to provide an adequate written description 
for subject matter supporting the in vivo DEAD-box inhibition of 
HCV. The Examiner alleged that applicants' claims are drawn to 
a treatment based on a hypothesis of inhibition of viral 
replication which is unsupported by the specification. The 
Examiner then alleged that the theory that the binding of DEAD- 
box protein to core protein may actually enhance viral 
replication may be more likely. The Examiner alleged that mere 
interaction or binding between HCV core protein and DEAD-box 
protein in an in vivo binding assay is insuf f icient-especially 
since a cell culture system is not currently available for HCV. 
Then, the Examiner reiterated that the binding may actually 
stimulate viral replication by DEAD-box protein altering viral 
genomic RNA structure in viral particles in newly infected cells. 
The Examienr reiterated that the allegation that the consequences 
of HCV core protein on host cell physiology under natural 
conditions of infection is difficult to determine since an 
appropriate cell culture system does not exist. 

In response, initially, applicants admit to some confusion as to 
the basis for the written description rejection. The claims 
under examination were filed with the application and are 
reproduced verbatim in the specification. Thus, it is not clear 
how claims which appear verbatim in the specification can be ^^not 
described". According to the M.P.E.P. § 2163.04(1): 

the examiner should: (A) identify the claim limitation 
not described; and (B) provide reasons why persons 
skilled in the art at the time the application was 
filed would not have recognized the descr±pt.ion of 
this limitation in the disclosure of the application 
as filed. A typical reason points out the differences 
between what is disclosed and what is claimed. A 
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simple statement that ^There does not appear to be a 

written description of the claim limitation ^ ' 

in the application as filed.' may be sufficient where 
the support is not apparent and the applicant has not 
pointed out where the limitation is supported. 
(Emphasis added) 

Applicants point out that so long as a 'Mescription" of the 
invention appears in the specification, a ^'written description" 
rejection is not appropriate. Whether applicants' description 
is ""enabling" is an issue to be addressed in an enablement 
rejection, which is what applicants believe the Examiner 
intended. Accordingly, applicants address any apparent 

enablement issues in response to the enablement rejection below. 

In view of the foregoing, applicants respectfully request that 
the Examiner reconsider and withdraw the written description 
re j ection . 

Rejection under 35 U.S.C. § 112, first paragraph 
-Enablement 

On pages 4-5 of the March 28, 2001 Office Action, the Examiner 
rejected claims 1-19 under 35 U.S.C. 12, first paragraph, 
alleging that the specification does not reasonably enable any 
person skilled in the art to which it pertains, or with which it 
is most nearly connected, to make and/or use the invention. The 
Examiner alleged that as set forth above, claims 1-19 are drawn 
toward a method of treating or preventing hepatitis C virus 
infection in a human subject by administering an effective amount 
of a DEAD-box protein to the subject, wherein the DEAD-box 
protein is capable of specifically binding to the HCV core 
protein so as to inhibit HCV replication, which is not adequately 
supported by the disclosure. The Examiner reminded applicants 
of the legal considerations governing enablement determinations 
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pertaining to undue experimentation as disclosed in In re Wands^ 
8 U.S.P.Q. 546 (PTO Bd. Pat. App . Int., 1986). The Examiner 
stated that the courts concluded that several factual inquires 
should be considered when making such assessments including the 
quantity of experimentation necessary, the amount of direction 
or guidance presented, the presence or absence of working 
examples, the nature of the invention, the state of the prior 
art, the relative skill of those in that art, the predictability 
or unpredictability of the art and the breadth of the claims, 
citing In re Rainer, 52 C.C.P.A. 1593, 347 F.2d 574, 146 U.S.P.Q. 
218 (1965) . The Examiner alleged that the disclosure fails to 
provide adequate guidance pertaining to these considerations. 
Moreover, the Examiner alleged that the prior art is 
unpredictable and fails to provide any guidance pertaining to the 
functional requirements of the instant method, and the prior art 
teaches away from the hypothesis which applicants have based 
their claims upon. Thus, the Examiner alleged that the 
conclusions drawn in the specification with respect to in vitro 
experiments are not supported by the art. The Examiner alleged 
that Owsianka and Patel (Virology 257, 330-340, 1999), when 
discussing a similar experimental mode, teach that it is 
important to realize that the model system in which their studies 
were completed is artificial, and they teach that DDX3 may be 
sequestered from its normal function by HCV core to cooperate 
directly in some aspect of the viral life cycle: ^^If DEAD-box 
proteins can be thought of as mechanical devices for carrying out 
various RNA-related processes, then DDX3 could be envisioned as 
a molecular motor that the virus needs to drive its own machinery 
for manipulating RNA. It could be involved in the expression, 
replication, or packaging of viral RNA." Thus, the Examiner 
alleged that the art is not supportive of applicants' hypothesis 
that the binding of core protein by DEAD-box protein in vivo 
inhibits HCV viral replication. The Examiner concluded with the 
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assertion that the disclosure fails to provide sufficient 
guidance pertaining to the method claimed, thus, when all the 
aforementioned considerations are taken together, it would 
clearly require undue experimentation to practice the claimed 
invention . 

In response, applicant respectfully traverse the Examiner's 
position on the ground that 1) applicants do show in vivo data 
that the DEAD-box protein binds with the HCV core protein, and 
2) it was knov;n in the art that the HVC core proteins must form 
multimers before virion assembly can proceed. It is readily 
evident to one of skill in the art that if an HCV protein is 
bound to the DEAD-box protein in vivo, the HCV protein cannot 
multimerize- This, in turn, prevents virion assembly and 
initiation or progression of the viral infection. 

Specifically, the experimental details presented on pages 26-36 
of the subject specification are describing an in vivo study in 
the yeast two-hybrid system. The results are presented in Figure 
8, for example. Furthermore, Figures 7A and 7B and their 
corresponding description on pages 9-11 show that HCV core 
protein and the DEAD box protein bind in mammalian cells as well. 
Thus, it is clear that the DEAD-box protein binds to the HCV core 
protein in vivo. 

It is also known in the prior art that virion assembly requires 
HCV core protein polymerization. See, for example, the Abstract 
and the bottom paragraph of page 50, right column, of Matsumoto 
et al.. Virology, 218, 43-51 (1996), copy enclosed as Exhibit 1. 
Because this is known in the prior art, there is no need to have 
it explicitly stated in the specification. It is well settled 
that a patent need not teach, and preferably omits, what is well 
known in the art," M.P.E.P. § 2164.01, citing In re Buchner, 929 
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F.2d 660, 661, 18 USPQ2d 1331, 1332 (Fed. Cir. 1991); Hyjbritech^ 
Inc. V. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1384, 231 
USPQ 81, 94 (Fed. Cir. 1986), cert, denied, 480 U.S. 947 (1987); 
and Lindemann Maschinenfabrik GMBH v. American Hoist & Derrick 
Co., 730 F.2d 1452, 1463, 221 USPQ 481, 489 (Fed. Cir. 1984). 

Thus, the unavoidable implication of applicants' discovery that 
the DEAD-box protein binds to the HCV core, in viv^o, is that the 
DEAD-box protein prevents the HCV core protein from 
multimerizing . It is readily apparent and expected that an HCV 
core protein that has been bound with a DEAD-box protein would 
not be able to multimerize. According to Matsumoto et al., 
because the HCV core protein cannot multimerize, virion assembly 
is hindered. Clearly, if virion assembly is hindered, viral 
infection is hindered. Thus, applicants' claims are enabled by 
applicants' discovery taken together with the knowledge in the 
prior art. 

Finally, with respect to the Examiner's citation of Owsianka and 
Patel, applicants point out that Owsianka and Patel do not deal 
with the HCV core protein, but only generally with the DEAD-box 
protein. Furthermore, the quoted portion of Owsianka on Patel 
is not based on data, but is rather speculative commentary. 
Applicants' in vivo data is, therefore, more relevant to HCV then 
the comments of Owsianka and Patel. 

Accordingly, applicants respectfully request that the Examiner 
reconsider and withdraw the enablement rejection of the amended 
claims . 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorney invites the Examiner to telephone him at the number 
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provided below. 

No fee, other than the enclosed $445.00 extension of time fee, 
is deemed necessary in connection with the filing of this 
Response. However, if any additional fee is required, 

authorization is hereby given to charge the amount of any such 
fee to Deposit Account No. 03-3125.. 

Respectfully submitted. 



I hereby certify that this correspondence 
is being deposited this date with the 
U.S. Postal Service with sufficient 
postage as first class mail in an 
envelope addressed to: 
Assistant Commissioner for Patents, 



Washington, D.C. 20231. 




Reg. No. 2ar, 
Gary J, Gershik 
Reg, Ho, 39,992 




John P . '^White 
Registration No. 28,678 
Gary J. Gershik 
Registration No. 3 9,992 
Attorneys for Applicants 
Cooper & Dunham LLP 
118 5 Avenue of the Americas 
New York, New York 1003 6 
(212) 278-0400 
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A't'tachment: A 
Claims with Amendment:s Shown 

1. A method of treating or preventing hepatitis C virus 
infection in a subject which comprises administering to the 
sub j ect an effective amount of etfk — agent — fee — fei^e — oubjoct, 

v^yhcrcin t^^e agent is- a DEAD-box protein capable of 

specifically binding to the HCV core protein so as to 
inhibit hepatitis C virus replication. 

2. The method of claim 1, wherein the hepatitis C virus 
infects the liver of the subject . 

3. The method of claim 1, wherein the hepatitis C virus 
infects the liver of a human. 

4-, Ti=^e — method — ef — claim — — wherein — fette — agent — is — capable — e# 

specifically — binding — tre — the — HGV — core — protein — having — enpt 
amino acid ocqucncc of Figure 2, — SEQ ID NO: 1 . 

T4=ie — method — — claim — 3^7 — v/hcrcin — the — agent — binds — fee — fetee 

cytoplaomic — domain — — HGV — core — protein — which — compriDco 
amino — acid — rcoiducc i — 1 - 123 — — said — H€V — core — protein — e# 
Figure 2, SEQ ID NQ:1. 

The method of claim 1, — wherein the agent is a polypeptide, 

a psoudo cnz^rmo, — a pcptidomimot ic compound, — a — nucleic — acid 
molecule, — an antibody or variant thereof. 



— method — e^ — claim — i-? — v^horoin — the — agent — comprioeo — a 

cellular protein. 
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-8-: ?%e — method — claim — l~j vy^hcrcin — t^^e cellular — protein 

comprioco a DEAD - box protein, — or a — 3 - 3 protein. 



9. The method of claim -8- 1, wherein the DEAD-box protein 
comprises a DEAD-box RNA helicase. 

10. The method of claim 9, wherein the DEAD-box RNA helicase 
comprises a human DEAD-box protein DBX or a variant 
thereof . 

11. The method of claim 10, wherein the human DEAD-box protein 
DBX comprises amino acids having the amino acid sequence e# 
Figure 2, SEQ ID N0:1. 

12. The method of claim 10, wherein the variant of the human 
DEAD-box protein DBX comprises amino acids having the amino 
acid sequence of Figure 2, SEQ ID NO: 2. 

13. The method of claim 10, wherein the variant of the human 
DEAD-box protein DBX comprises amino acids having the amino 
acid sequence of Figure 3, SEQ ID NO: 3. 

14. The method of claim 10, wherein the variant of the human 
DEAD-box protein DBX comprises 100-200 amino acid residues 
which mimics of the amino acid sequence of Figure 2, SEQ ID 
N0:1 or the amino acid sequence of Figure 3, SEQ ID NO : 3 . 



-1^^^ The method of claim 8, — wherein the Id 3 3 protein comprioeo 

t^ie — amino — acid — oequence — — Figure — 4-? — SEQ — — NO: 5 — e^e — a 
variant thereof. 



-3r€^; The method of claim 15, — wherein the variant of said 1 4 — ^— ^ 

protein — comprioeo — &S — 3-&0 — amino acid reoidueo which mimics 
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the active Bite of said 1 4 — 3 - 3 protein of Figure — 4-7 — SEQ ID 
NO : 5 . 



^r^, The method of claim 1, — v^yhcroin the agent comprioeo nucleic 

acid molecule encoding DEAD - box protein of Figure 2, — SEQ ID 
NO : 1 or a variant thereof . 



The method of claim 1, — wherein the — agent — compriceo nucleic 

acid molecule encoding 14 — 3 - 3 protein of Figure — 4-? — SEQ ID 
NO: 5 or a variant thereof. 



The method — — claim — 3r7 — wherein the — agent — i-s — administered 

with a pharmacGutically acceptable carrier. 
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Homotypic Interaction and Multlmerizatlon of Hepatitis C Virus Core Protein 

MASAYUKI ^MTSUMOTO.-^ SOON B. HWANG.-H KING-SONQ JENG.'-t 
NONGLIAO ZHU.t and MICHAEL M. C. LAl"t-' 
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^ ^.f iMCNA i»ra urotain consHiuBS a virki nuolaocapsW end may possaw muWpl© runcHorw. In tWa study, 

Tf^^Z Z S^CS,r,h.1^uSi^ sS,n5fer«e^r. .U3to« protein. Th. »«.lo9lcal slflnmcano, ^ «j« 

^.T^oi^aln T^^!^ d«ennln«d » b« within tf« .mino^m*.,! hydrophUiC «Olon (^'^ 

Vie "lof 8'" '^'^'•.'r^ and the Ires wre pnrtaine wiei in dimeric and moltimarie forms. augsestUig tfiai 

rK;r«r':. rH''^":r;ir oS;r s^^atsse asee^t.^ and t^,* ..^^ -y - 

involved In multiple functUm* or tfie core pnneln. o lew A«ad«mic (^r.**. toe 



INTRODUCTION 

Hepatitis C virus (HCV), a member of the Fiavlviridae 
family, is a positive-stranded BNA vims (Choo etaL 1991: 
Kaio er aL 199U; Taicamirawa ah. 1991) which usually 
causes persisiem Infection, resulting in chronic hepatitis, 
I ver cirrhosis, and hepatocellular carcinoma (Aach er BL 
-991; Ahereray. 1992; 01 BIsceglie era/., 1991: Wyosawa 
et aL 1990; Tassopoulos et aL. 1992: Tremolada er aL 
-991). The viral siojctural and nonsinjctural proteins are 
(iroduoed by cleavage of a large polyprotein precursor 
J:y both host cell signal peptidases and viral proteinases 
(Hijikata et aL i99i: Grakoui at aL 1993). Among the 
viral strucTural proteins, core protein, which is derived 
f-om the amino terminus of the polypnDtein, likely forrns 
me nucleocaps d of the virion because it is highly basic 
i.nd similar in rnany biological properties to the nocleo- 
capsid proteins found in other flaviviruses (Grakoui er 
t.L 1993: Harada er aL 1991; Selby ef aL 1993). The 
(.ucleotlde and predicted amino acid sequences of the 
(we protein genes are well consen/ed among different 
NOV isolates (3ukh er aL i994). Recent studies have 
oemonstrated that HCV core protein bound to cell mem- 
branes both in /i(fQ and in vivo and also bound the BOS 
nbosomal subunit and RNA in vitro (Samolini er aL 1 994). 



'To whom com^ndenCT and repHm requeets should be ad- 
cressBd al OeparDTjem o1 Moleoutor Microbiology end Immunology. 
tnivBrsity of Southern California School of Medicina. 2011 Zonal Ave- 
f ue. HMfl-401. Loi. Angeles. OA 90033-10B6. Fex. 21M42-9S65. E- 
maili mlchlaiehsciBCMu. 



The ribosome- and RNA-t>inding domains were mapped 
to The amino'terminal region between amino acid resi- 
dues 1 and 75 of the core protein (Samolini er aL 1994}. 
HCV core protein has also beer^ shown to suppress the 
replication and gene expression of hepatitis B virus (HBV) 
(Shih er aL 1993)* In addlxion. it has been shown to be 
phosphorylated by protein kinase A and protein kinase 
C. and phosphorylation is essential for the HCV core 
protein to suppress HBV replication and gene expressfon 
(Shih er aL 1995). The phosphorylation sites were 
mapped to Ser-9g and Ser-1 16 but not Ser-63 (Shih et 
aL 1995). Finally, HCV core protein activated human c- 
myc. Rous sarcoma virus long terminal repeat (LTB), and 
simian virus 40 (SV40) earry promoters and suppressed 
the C'/bs promoter and human Immunodeficiency virus 
type 1 LTR activity (Ray ©r eL 1995). Teken together. 
These results suggest that the HCV oore protein ts a 
multifunctional protein. , 

Nucleocapsid formation of virion paaldea probably in- 
volves muliimerization of core protein and its Interaction 
with viral RNA. The RNA-bindlng properties of HCV core 
protein have been reported (SantoIIni era/., 1994; Hwang 
ef aL 1995). However, the possible multimerization prop- 
erties have not been examined. Recent studies have 
shown thai core proteins of many differant viruses can 
oligomerize. For example, the geg. proteins of the human 
immunodeficiency virus, which include matrix, capsid, 
and nucleocapsid proteins, have been shown by a yeast 
two-hybrid system to form homodimers; the sequence 
necessary for the multimeriratlon was located at the car- 
boxy termini of the nucleocapsid and capsid proteins 
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wbanaf a/.. 1992: Franke etal., 1994). The core proie.n 
IIBV also formu a multimer via its carbow-term.nal 
vsoaence: the trurcation of this sequence 
venation and enoapsidation of HBV PJ^'^l^^^^. 
•Be.-.me8 and Lanlort. 1983: Bimbeum f"^ Neseal 1 99a 
/hco and Standfirg. 1992; Chang etal.. 1994. Here we 
rVo^rt homotypic interaction and muWmerizacion of HCV 
ZTp^ZnLvv end in vivo. TWs ►>o">otyPic mterac- 
Z. may be imponant for HCV assembly and other bio- 
•og'cel aotivitiea. 

MATERIALS AND METHODS 
Plasmid constructions 

-he HCV cDNA fragment representing the entire core 
s,rctein-codinB r^uion (amino acida ^"^^O ^ Jje HCV^ 
r strain (Chen et sL 1992) was generated by POlyrieraee 
.^hin reaction (PGR) using two primers correepondlng 
*o (he 5'- and 3 -end8 of the core protein gene p.«o 
/;«,77HI sites and ^ee subcioned Into ""'^"?.^!,7^^ 
nil,. Of The yeast plasmids pQBT9 and PGADGH (Clon- 
..Kh Palo Atto. CA). The resulling plasmid pGBW 
e(l.l9l) and olasmid PGAD6H/Core(M9i) en«,d^^^ 
,h,.. GAL4 ONA-b-nding domain fused to the f^H-lengh 
M(.V core proteir and e QAL4 activation domain-HCV 
e 5?sion protein, respeaively. deletion muran^ of 
Hf.V core proteins were also generated by s-nr^-'ar meth- 
ods using speci^ic primers corresponding to different 
fPMlons of Se 5ore genes. The resulting plasmids. 
S/Cole?-1l5). PGBT9/Core(l^1). pGB^Core(l- 
26i. p6ST9/Core(36-il5). and PGBTS/CoreWMU en- 
ocde a GAL4 DNA-bindIng domain fused to tfje dHferent 
r^'tons or HCV :ore protein. PeADGH/CoreO-116) en- 
ncdes a GAL4 activation domein fused to ammo acids 
1 - 1 is of the core protein. 

To constnjclthe piasmid expressing fHCV core protem 
in Esct,erichie coll, e PCB-generated flemHl fra^^^^^^^^ 
ccnieining the fu.l-length core gene of HCV-T wraln was 
cloned itSo the BamHl site of pGEX-4T-i (f^armac^ 
Unpsala. Sweden). The resulting plasmid. PQ^*"^^ 
cere, encodes a fulHength cote protein fused to a gluia- 
th one S-transferase (GST) protein. 

For construction of the plasmid used for //i ^'^J^^ 
srription. a Sarr-HI fragment containing f ^J" ';^!"?^ 
core sequence at the HCV-T strain was cloned Inro tf«e 
eamHI site of p'aemid pCDNAS (invitrogen. San Diego. 
CA). The resulting plasmid, pCONA3/core. en'^^f 
fLiHength HCV tare protein (a-a. 1-191) under the cyt^ 
megalovims (Cf/iV) immediate-early promoter and t/ 

''Xf egression of HCV core protein in •;«r"'^'^" 
calls vector pCMV. which is 8 denvetive of pCDNA3. 
"^s usS -^o o^netruapCMV. a Nrui-Hinm fragment 
was removed irom pC0NA3 and replaced witti the 
£«,RI-M,fl fragment of pCN/IV/S tClontech) re^^^^^^ 
ti e removal of me T7 promoter and the insertion of the 



SV40 splicing donor and acceptor sequence irito tf^e re- 
gion between the CMV promoter and the multiple cloning 
sites of PC0NA3. The full-length core gene of the HCV- 
T sequence was cloned into the £coRV site of pCMV 
yielding plasmid pCMV/core(l-l91). which contains the 
HCV Sre gene sequence under the control of tf.e CMV 
rmmediate-early promoter. Plesmlds 
uuncation mutants of HCV core protein. pCMV/core(i 
153) and pCMV/core(l-l 1 5). were generated by the serne 
meiod using different PCB fragments representing the 
desired sequences. 

Yeast two-hybrid system 

The Saoc/.8rorT,ycea cerB^^^siae strain PCYZjChevray 
and Nathans. 1992) was grown in YPO (1% V^^^^^ 
2% peptone. 2% dextrose) or synthetic minimal medium 
r06?% yeast nitrogen base. Z% dextrose with appropnate 
auxotrophic supplements). Yeast was cotrans^ormed 
withGAL4 DNA-blnding>domeln f^'^^'^^'^'^^^J^^^" 
vation plasmids by the lithium acetate '"e'»^°^i*3ie« er 
a/ 1992) and selected for leucine and tryptophan proti>. 
triJphy jS-Galactosidase activity was assayed on nitrocel- 
Ze fnter replicas of yeast transfomiants. ^^^J 
Placed m liquid nitrogen for 30 sec and In^uba^^^ j°r8 
hr m buffer containing 4 mM 5-bromo-v-chloro-3-lndolyh 
?.o-galactoside (X-gal). Positive interactions were md^ 
cated by the appearance of blue colonies. .^^ 

GST fusion protein binding aesay 

Plasmid pGEX-HCV-core. ^?J"Se^ 
core fusion protein, was grown m £ <»'^^'" ^f,^J°^' 
SSovagen. Madison. Wl) and induced with 1 so^^^^ 
pyhhio /3-D-galactoside (IPTG). Bactena were Pel lewd 3 
Staffer IPTG induction, washed Pf^JPh^e^ 
saline (PBS), and resuspended in lys.s buffer (J^ Tnwn 
X 100 in PBS). The suspended bactena were sonicated 
on ice for 40 sec and pelleted by brief centnfugation. 
Supematams were incubated with 9lutathione-Sepha^ 
r^e 48 beads (Pharmacia) overnight at 4'. J^e ^^^^J 
were collected by brief centrifugation m e mlwofuge and 
washS fourlmes in 1% Triton X-100 in PBS and once 
r?BS. Plasmid pCDNA3/core «as tr«naorlbed /n 
using T7 RNA polymerase, and the resulting RN A was 
Sated m a rabbit reticulocyte lysate with [»Sh 
;St. Voxlmately epue!^^^^^^^^ 
Coomaasie blue staining, of GST or ^ST-HCV core tu- 
sion protein on glutathione -Sepharose beade we e ncu- 
bateJ with the PSlmethlonir«.Iabdedpra^^^^ incu- 
bation buffer 140 mM HEPES (pH 7-5). 100 mM KCl 0.1V^ 
Nonidet P-40. and 20 mM ^-'^ercapioethanon tor 2 hr m 
?> and tiien rinsed lour times in incubation buffer The 
Jeads were boiled in Laemmli ^^-^P'^, »'"«.«^ ^^J^^ 

t970). and the supematants were f"^^;"^,^^^]^. 

phoresis on 1S% polyacrylamide gel comaining SDS. Af 

SSards. the gel was dried and autoradiographed. 
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Far-Western protein-proteJn blotting 

Recombinant HCV core protein e'^P^^^^^,'^ 
(Lo ef e/ 1995) and hepatitis delta antigen (of hepa ifs 
ifitrvmsr expressed by recombinant baculovirus 

burter seLrsied by SDS-PAG6 on a 15% polyacryl- 
amlde geTanrsteined with Coomassie brilliant blue or 
eLro'a.;8f6rred to a nitrocellulose "jemb^ane. The 
membrane w&s washed with buffer a IIO m/M HERES 
TSh (PH 7.5). 60 mM KCI, 1 mM EDTA and 1 mM 2- 
^.ercap'oethenol) and incubeted with 6 ^ guan^d.ne HC. 
for 16 min at »» and then sequentially ^'"^^ 3 M, -5 M. 
n 75 M 0 38 M 0.19 M. and 0.09 M guamdine HCI for 5 
Slh to rVnaxure the P^-'"- ^^''^^^^^^^^^^ 
subseauently oloclced tor 1 hr at 4" with 5% non^ ary 
mlfk ?n birr A containing 0.05% Nonldet P-40. The /n 
S "ansrate i. P'Simethionlne-iabeled HCV core p^o- 
inin was incubated with the membrane .n buffer A con 
fining 3% nor fat dry milk and 0.0594 Nonidel P-40 over- 
niaht at 4«. Unsound proteins were removed by washjng 
See times w th buffer A containing 1% nonfat dn/ mjk 
?nd O 1)5% Nonidet P-^O. protein binding was detected 
by autoradiogiaphy. 

ONA transfecions 

COS 7 cells were used for DNA-transfeclioaXhe cells _ 
were seeded n 10-cm dishes and cultured at sr under 
S?. CoTfar 24 nr in Dulbeccos modified Eagle s medium 
c?n«ining 10-. fetal calf semm. After medium changes^ 

cells were transfected with 20 m9 P'^^h J anS 
calcium phosonate precipitation method iChen and 
Okal«ma 1987). the medium was changed after 14 hr 
?f Saicn .ind cells were collected 45 hr later. Cells 
^rTwashed with icenxild PBS twice and harvested. 

ftAembrane flotation analysis 

The membrane flotation method was performed aa de- 
scribed by Sanderson ere/. (i993). Cells transfected wi^h 
DNA were suspended in 0.5 ml hypotonic lysis buffer (10 
infs HCI.'pH 7.6. 10 mM <a 5 mA. MgCIJ an^^ 
.ncubated on ice for 10 min before d.smption of the oe I s 
oy passage through a 26-gauge hypodermic needle 15 
-imes Unbroktn cells and nuclei were removed by cen- 
Tlfugation at 1000 g for 5 min. and the resulting supema- 
Tm was subjHcted to fractionation by the membrane 
dotation method as described (Sanderson er^. 993^ 
■iriM^, a iwnl aliauots of lysates were dispersed into Z 
ni?7^MvS sucrx^se in low-selt buffer ,LSB) (50 mM 
"Is-H?!. PH 7.6, 25 mM KCI. 5 mM MgDJ ^"'^ ^^^^.^^ 
.vith 2 5 ml of li5% iYAMl) sucrose in LSB end 0.6 rn^ of 
• 0% [v^ sucrose in LSB. Sucrose gred-^nts were men 
,«ntrifuged in t. Beckman SWSSTi rotor at 4" for 12 hr at 
J8000 rpm. Alter centrifugetion. 0.8-ml fractions were 
SueSed successively from the wp of the gradient Any 



matBriai pelleted by the centrifugetion was esuspended 
in 0.8 ml LSB and designated as the final l^cQon of the 
gradient All fractions were diluted with 4 ml of LSB and 
?ecemrifuged in a Beckman SW55Ti rotor at 46 000 rpm 
!or 90 min at 4-. and the resulting pellets were dissolved 
in LSB. 

Cross-linking of proteins by glutarqidehyde 

Proteins in cellular lysates or collected from sucrose 
gradients were incubated with 0.0t% glutaraldeMe 
(Sigma, Si. Louis. MO) In LSB for various t'n™e Periods at 
room temperature. The reaction wee stopped by addition 
of an equal volume of 2X Laemmll sample buffer (Laern- 
mif 1970). After heating at 80« for 10 mm the ofoss- 
Tnkei proteins were separated by SOS-PAGE and e^c- 
troiranderred to nitrocellulose membrane for immu- 
noblot analysis, 

Immunoblot detection of HCV core protein 

The proteins bloned onto nitrocellulose membrane 
were first treated with 5% nonfat milk ^ for «) mm 
end then incubated with rabbit polyclonal ^"^-HCV c».^ 
antibody (diluted 1.500) tor 2 hr at room temperature 
After three washes in PBS. the blots were incubated wrth 
'»|.|8beled protein A for 2 hr at room temperature. TPe 
membrane was washed, and bound antibody was de- 
— tected by autoradiography- 



RESULTS 

Detection of the homotypic interaction of HCV core 
protein in the yeast xwo-hybrid system 

To determine whether HCV core protein oan undefBo 
homoiypic interection. we first employed the yea« ^°- 
hybrid^stem (Fields and Song. 1989; Ch.en et a/.. 199U 
For this purpose. HCV core protein was 'J^^ 
termini of the ONA-binding domain or tiie acnva^on do- 
main of GAU4 in yeast piasmlds pQBT9 and pGADGH. 
rsoeSiveS we first tested tour combinations of plas- 
mids wS encoded different lengths of HCV core pro- 

Sem^TfulNength (a.8. i-^91> °^ ^^y^^^P^^^ISJ^^o 
only (a a. 1-115)1 (Fig. 1). The appearance blue colo- 
nies was scorei SB a positive reectlon. The r«u ts 
showed that the full-length HCV core protein (e.a i 

gir^sed with either the activation or ^ DNA-bindrng 
domain of GAL4 did not yield any positive coion«s- How- 
ever when both the activation domain and the DNA- 
Sng dornain cor^talned a panial HCV core seQuence 
irom a^a. 1-115. which represents the ^vdrophiUc ^r^n 
of the core ptotein. poeWve colonies were detected ^e- 
ble 1). control piasmlda expressing o^^y ; JJ^^'f " ^ 
protein without the HCV core sequence not mdu^ 
J-galactosidsse. This result suggeste that HCV corep^ 
feins can interan with each other through the^ hydr^ 

philic domains, amino acids 1-115. The fe.lure of the 
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' ' . ..HwThahvdroDhiilcltyploioJ the core protain was 

derived uiina the Mecrfecwr program (IBI. New Haven. 
at)ov9 (he boxes. 



hill enath HCV core prowlns to Interact in the yeast twC^ 
SjLrs^em wa« prot)at,ly due to the preaence of 
SyS.'ophoblc dorruiin. which may ^'J^^^^^^^^.^^^s 
deor transport of the fusion prote.ns In the yeast, thus 

invslWating ihia assay. 

Mapping of the proteirHnteracting domain of HCV 
core protein 

TABLE 1 




d.«. 1-116 
a,n. 1-91 
S.II. 36-115 
Bi» 1-2S 

3e-9i 
v«-ctor aJonfi 

• Na of pwiOve/no of scof©d donss. 



pGA0GH/core(t-1l5) Into ye««\J"'l^^f3j3\' ^^'/^t 
induction. Results Showed ^-l;^-^^^:^,lZ'no^ 
teins containing enher a a. i H^'^f^:^,^ ^yable i). 
a a 1 -25. could interact with core 8.a. ' ' » ^ 

Hon«typlc infraction of HCtf co« pro»ln «. Wlro 
Sine. *,e ho™«pio 'n-''jt^.''„^,:r.rb *n 

medlaod by s yea« ^"""'"1™ ° ^.^t mo HCV 
ch.n,lo., "':^;:^^^:X^Xi con«m«.o a 

1 V,.- Jot »*«i.lflhBled HCV core bound GST Huv 

2 snows that S-I?detea n mdicated that 
core fusion protein but not GST. • ™8 , . 
HCV core protein can '^^^l^lX^J^^ :^^^,^^^^^ . 
interesting to ^^^^^^^^ ^'eS^Tthe yea'et two- 
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FIG. i Homat/pic IniersCiiW) of HCV core ptowin in vitro. Apore«i- 
n..«ly efluai anwune ol GST or OST-HCV cOfB h.«on 
a.u,8S.iom,-Sepnaroee Deads were Incubated vvich tne ««^- 
lated. p-Slmemicnine-iabeied HCV core protein, the beads wombaled 
in Uaemmii aacnaie bu«er. and the aupen,etent6 8™hr»d 
aiBCfophores-s un iMt polyac-ylamlfle gel contalnlno SDS. Probe, n 
WTO Xiaiad h CV core protairv The lulHangih HCV core protem .a 
todicaiad ay an i rrow. 

core proietn cid not interfere with its homoxyplc interac- 
tion tn vitro- . _ , 

We have tuther studied the homoiypic interaction Be- 
tween HCV core proteins by a Far-Western protein blot- 
ting assay, ir this assay. £ coli lysate containing the 
recombinant f jH-length HCV core protein wes separated 
by SOS-PAGE and transferred td nitrocellulose mem- 
brane. Proteins on the tnembrane were denatured, rena- 
tured, and inc jbated with »S-labeled. in vivo translated 
HCV core protein. Hepatitis delta antigen (HDAg) of hep- 
atitis delta vinjs (HDV) was used as a control. Figure 3 
shows that in /itm translated HCV core protein bound to 
the recombinant HCV core protein, but not HOAg. Since 
both HOAg and HCV core protein are highly basic nucleo- 
capsid proteins (Chang er al.. i988; Bukh er a/.. 1994). 
and their sizes and biochemical properties are similar, 
tnis result suggests that the homotyplc irtteraction ot HCV 
core protein requires a specific sequence, whioh cannot 
be substitutec by basic amino acid residues of other 
proteins. Thesu results combined indicate that HCV core 
protein can undergo specific homotyplc InteracUon di- 
rectly. 

Multimerization ot HCV core protein in mammaHan 
cells 

To demonstiate the biological significenoe of the ho- 
Tjotypic intefBction of HCV core protein, we determined 
whether this protein exists as multimers when « »a ex- 
oressed in mammalian cells. We transfecied COS 7 cells 
with expression plasmids w(hich contained the fulHength 
or truncated core proteirvcoding region under the CMV 
immediate-eafly promoter (Fig. i). The. proteins in the 
•Bllular lysates were cross-linked with gluiaraldehyde. 
;5nd the HCV core protein was detected by Immunoblot- 
-ing The resuhs showed that the gluteraldehyde treat- 



ment caused the appearance of a dimeric-sized (40-lcDa) 
HCV core protein (Rg. 4A). Aa the TfeHimem-tlme was 
increased, en additional band of approximaxety 60 icDa 
appeared, which may represent core protein tnmers. Cor- 
respondingly, the amounts of monomer protein (20 kDa) 
decreased as the length of treatment was increased. 
During treatments lasting more than iO min. the amounts 
of 40- and 60-lcDa proteins did not Increase any further. 
However, there was a continuous increase in the amount 
of the proteins which did not enter the gel and a corre- 
sponding reduction of the monomer protein, suggesting 
the formetion of bigger protein complexes. Since lysates 
contained numerous cellular protelna In addition to the 
HCV core protein, the detection ot the discrete species 
of high-molecular-weight forms otthe core proteins after 
cross-linking is indicative of the formation of apecmc 
complexes involving distinct protein species Jhe40-kDa 
protein likely represents the dimerlo form of HCV core 
orotein (20 kOa). while the eO-kDa protein corresponds 
xo the trimer form. The protein complex at tne top oi we 
gel may repreaem multimer complexes. These results 
thus indicate that HCV core protein forms multimers in 
vivo The dimers and trimers oetecied probably represent 
the intermediates of nr\uhimeric complex formation. When 
tnjncated HCV core proteins were expressed, similar re- 
sults were obtained (Figs. 4B and 4C). Without glmaraWe- 
hyde cross-linking. HCV core proteins a.a. 1-183 and i - 
115 existed as proteins of 18 and 16 IcDa. respectively. 
After gluteraldehyde cross-linking, protein bands of d»- 
merle size, and possibly also trimeric size, were de- 
tected. Interestingly, the N-terminal hydrophlllc portion 
(a a 1 - 1 15) of the core protein formed mostly mutomenc 
forms- very little dimeric or trimeric form was detected 





FlQ. a. Homoiypic ItneracHon ol HCV eor. 9^^}^^^^;;^^^-^ 

ftrt4*p«ased hapaims deite antigen were sepwaiBd by SOS-PAGE 
on a JSTpolyaciylemide geU and ^^^"^J^^^^^^^ 
W or eteoiroMnelerred to e rxitrowrilulose membrane (B). ^P™«^ 
Tn ^ membrane were «*enatar«l and ranetured end lncuhanri*rtD. 
m WTO vanalated. l-SlmethionineHabrtea HCV cor. pnrteo- Pro».n 
'^,2!:;X.sdetaJdl^au»r«dH«r«P^l^M."«^^ 
(in Uiodaiwna). HCV cOf » Is Indicated tv a soJW arrow, end HDV HDAe 
la irtdloexad By en open arrow. 
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tSKj' 116) C««s were ^J^^V'T^B' tO' 

C HI wares vwre twaied wiih aoi% ghiiafBloehyite lor i . 3 . e . lu. 

iSS^^'""" » bononv Top arto«« Indicates muiun.er wn.ch did 
rpn enter che gels. 

(Rq. 4C). These findings indicate thai the '^•^.""'"f ' ^J' 
cropWlio region of the core protein Is responsible tor rte 
noitimerizetion. This result is consistent --.'tf'JJf 
vation using the yeast two-hybrid system, m wh ch 
core protein inturected with iisell through the middle re- 
gion of the N-termif«l hydrophilic domain. 
Subcellular loaMiratton of the muWrnerlc tonus of 
HCV core protein 

Since most the HCV core protein nas been shown 
w be associattd with the endoplasmic reticulum (ER) 



run'obl^Stg-'pigure 5A shows the ™su.« wn,^^^^^ 

full-length cere protein. A '"^J^"^ ^'^J? J*^^ " 
was recovered in the membrane traction (Fig. SA. lane i ). 

Tn i^niy a small amount of the P-»'"^>^« 
the membrane-free form (fractions 4. 5. l^.^}'}"^^'^ 
some of the core protein associated with the mem^ 
pran; already exisied as dimerlc and muWmenc fo ma 
even without glutarsldehyde ^^^^^^ rniTnteiSity of tJe 
1) After qluiaraldehyde treatment, the intensity ot me 

5B). The dimeric and multimeric species ^erc *> 
be h the membrane-associated and 
fractions, although the latter r?pr^««"^„ 
f..„onofthe<.re^o^^^^^^ 

re'rbrS;^^e;^..%"sCandL^ 

Tote ns we« in multimeric form (Rg. 5F)^ ratner t.an 
ihe dimer form, consistent with ihe previous finding (F.g^ 
4) Cse results indicate that the multimenzat.on of the 
coreVrl^in occurred in both membrane^ssocated and 
membrane-free fonns in mammalian cells. 

DISCUSSION 
■me data presented in this report demonstrated the 
f^omotypic infraction of HCV core protem '^[-^l^^^ 
^VO. Since the primaty function otj core prn^.ne 

Xm^ntrcaZVculd be an -;;Pen^^^^^^^^^^^ 
arty of this structural protein. Indeed, in many viruses^ 
nSeoc^psid proteins t,ave been shown to d.menze and 
SmerSe (fuban ar ef.. 1992; Franke er e^ 994. 
Beamea end l^nford. 1993; B'rnbaum and Nassal^im 
Zhou and Standring. 1992; Chang etal. 
pJrtein would be expected to have P^f^^^ 
However, the structure of HCV nucleocapsld is still poorty 
unreriood. it Is not known how the HCV «re P~«.r« 
assemble imo a nuoleocapsld stmcture. The finding in 
reSn ^at this protein forms multlmers In vmo and .n 
S:^prrdes3 structural basis for the viral nudeocapeid 

da^'shSIed that the hydrophilic domain (e^^;" 
lli^is maln^. responsible for the homotypic mter8a.on 
of HCV core protein in vitro and in viva This co'^clusion 
ls^a?hed from the studies in the yeast two-hybnd 
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sysiem, in vitfC proiein- protein binding essays, and the 
ofotein cross-linking experimenie in mammalian cells. 
This hydrophilic domain is rich In basic amino acid resi- 
dues and ia very conserved among dilferent HCV iscletea 
:Bukh er a/., 1994). The proTGin-proteln Interaction o1 
HCV core protein appears to require a specific amino 
icid sequence, inasmuch as HDAg. which has biochemi- 
cal properties and sizes similar to those of HCV core 
protein, did not Interact with the latter. The precise amino 
ricid residues involved in the homotypic interactions re- 
'naln to be detemilned. The yeast two-hybrid system ten- 
•aiively mappec the homotypic interacting domain at a.a. 
'J6-91 which cjveflaps the ribosome-binding and RNA- 
binding domains (a.a. 1-75) (Saniolini et a/.. 1994). but 



is outside the domain responsible for the suppression 
of HBV gene expression (a.a. 1 01 - 122) (Shih er 1993). 
However, a.a. 36-91 alone appear to be insufficient for 
efficient pnDtein binding: the neighboring sequences 
lilcely contributed to trie homotypic interaction, ti is not 
clear whether the paalal overtapplng of the protein-inter- 
acting and RNA-bindir>Q domains of HCV core protein 
have any functional signmcanca In this regard, it has 
been shown that the multlmerization domain ot MSl pro- 
tein of influenza virus overlaps Its RNA-blndlng domain 
{Nemeroff ef 199B) and that the multimerization of 
Rev protein of human Immunodeficiency virus 1 also ir>- 
volves its RNA-binding dionnain and adjacent sequences 
(Olsen eiaL 1990: Zapp atai, 1991). One potential out- 
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corr.e of this overlap of functional domains .s mat mult i 
merzation of core protein may alierthe co" °! 
RNA-bindIng domuin. or vice versa, w t3C-l«a« RNA 
pro:eln imeractlons in virus assembly, h would be inter 
eating to know wh«iher homoiypic interaction .s required 
l^ler function, at the core protein. The homovpic 
inte-acting domain also Incluoes a purponed P^^sphoj 
latlon site. Ser.53. but not Ser-99 or Ser-i 16 (Sh.h et aA. 
1993) It is not cieur whether phosphorylation can effect 
the homotypic interaction of the core P^ff";- 

^^e role of the iiydrophobio domain (a.a. lie 181) 
the homotypic int^-raction of HCV core P^o'e'" J^^^^^^^^ 
to re investigated We found that the presence of th^ 
ionein imeiired with protein interaction in the yeas^ 
two-hybrid system. However, this result was probably an 
aai'acl of this experimental system, since 'he P^ J!");:^. 
of tiie hydrophobic sequence may imerlere with the nu 
cier^r transport of the fusion protein in the yeast^tr'Uf 
invalidating this assay. U has been ^^J'^^'l^^"'^^ 
terrHnal hydrophobic region Is responsible tor the asso 
ciai.on of HCV co.e protein with ER membrane Lanfo^ 
er 1993; Santclnl at eA. 1994) and that ^^^eJulMength 
con protein remmned in the cytoplasm whereas the 
trufcated core p-oieln. devoid of the C^termmal h^ 
droahobic domain, was translocated into the nucieue 
(sSiukI er al.. l9£-6: Lo ef 8/.. 1996). However, the fu^^ 
ennih HCV core protein could undergo homotypic inter- 
act on in vitro (as determined by GST fusion Protem bind- 
ing assay and Far-Western protein b'°tt'"e^««"^i2^=i!; 
nLpears that the presence of the hydrophobic domain 
wo ild not mtertero with the core protein in^racnon Ne 

enr«les6. the presence of the ^ ^°''':°'''!,'XTs 
may lower the eficiency of protein muUirnercation. as 

e>.denced by our finding that the ^^yd^P^'"';. °' 
HC V core protein {a.a. 1-115) tends to form bigger corn- 
ple.<e8 than the proteins containing the hydrophobic do- 
ma n in addition (Rge. A and 8). This result suggests that 
the truncated core proteins maybe more easily rnuWmer- 
izel and. therefore, preferentially incorporated into viral 
nudeocapsld. At the current time, the precise length and 
na-ure ot tf.e core protein species in the HCV nucieocap- 
ale are not knovwi. 

HCV core prate n is known to be produced by cleavage 
win host signal peptidase inside the ER at the N term^ 
nuu of the El sequence of the poiyprotem P«°"!^'";«J 
mfciure core protein is then translocated into *e cyto- 
5esr(Santolli.i or a/.. 1994; Selby ^-^^f 3)^,^« "l^ 
jorty of the core protein is still associated wrth the ER 
siinl er ai.. -994). and some ^^^J'^^'^'l^. 
into the nucleus (Shih er ak. 1983: Lanford ef aA. 1993. 
Lo et aL. 1995). Our data showed that both membrane- 
associated and membrane-free HO/ "^^^ P~«j;^ 
(oimed multlmers. suggesting that mutumenzauon ofthe 
core protein may occur while the protein is atl" es^c.- 
ati=d with the ER membrane. This multimerizatlon step 
mny represent the first step of virion sssembly. 



We could resolve only two of the discrete oligomers, 
including dimer and trimer. under our expenmental con- 
ditions: ?he large aggregate of HCV core Protein wh.ch 
did not enter gels may represent ^^^^^ 
piexes. The multimeric form was the -^^pr crossMinked 
protein species derived from the truncated HCV core 
p otein thet contains only the hydrophilic domain (Figs. 
TeTd 5) It is not Clear What the size of this '^^96 «.rnp^ 
Nevertheless, these lerge complexes are P'^bab^ the 
precursor to nucleocspeid formation. '^"^'^^f^J 
tne properties of this mulilnner protein species will hkely 
JJetd insights into the mechanism of virue assembly. 
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